Objectives: We examined the relation between alcohol outlet density (the number of alcohol outlets per capita by zip code) and male-to-female partner violence (MFPV) or female-to-male partner violence (FMPV). We also investigated whether binge drinking or the presence of alcohol-related problems altered the relationship between alcohol outlet density and MFPV or FMPV.
A LCOHOL OUTLET DENSITY (AOD), the number of alcohol outlets per capita or per roadway miles in a given geographic area, is associated with a wide range of adverse health and social consequences. A high AOD has been linked to an increase in arrests for public drunkenness, traffic accidents, injuries, suicide, and sexually transmitted diseases (Cohen et al., 2006; Escobedo and Ortiz, 2002; Gruenewald and Ponicki, 1995; Treno et al., 2001; Watts and Rabow, 1983) . Studies have also reported that a high AOD is positively associated with interpersonal violence such as physical assault and child abuse (Freisthler et al., 2005; Scribner et al., 1995; Zhu et al., 2004) . Only one study has examined the relation between AOD and intimate partner violence (IPV). The authors of this ecologic study found a positive association between AOD and domestic violence in unadjusted, but not adjusted analysis (Gorman et al., 1998) . Contextual studies have demonstrated that relative to affluent areas, IPV is more frequent in impoverished neighborhoods characterized by high levels of poverty, unemployment and female-headed households, and low levels of income, education and home ownership (Cunradi, 2007; Cunradi et al., 2000; Miles-Doan, 1998; O'Campo et al., 1995; Pearlman et al., 2003) . Impoverished neighborhoods tend to have high AODs (Pollack et al., 2005; Zhu et al., 2004) and ecologic studies have demonstrated that areas with high AODs have greater demand, sales, and aggregate-level consumption of alcohol than areas with low AOD (Gruenewald et al., 1993a,b) .
Markers of risky drinking, such as heavy drinking or alcohol-related problems, are established risk factors for IPV (Coker et al., 2000; Cunradi et al., 1999) . It may be that a higher AOD through greater physical availability and access to alcohol increases risky drinking, and thereby elevates the likelihood of IPV. However, findings concerning AOD and individual-level alcohol consumption patterns have been inconsistent. Some have reported that individuals who live in areas with a high AOD drink more than individuals living in areas with a low AOD (Scribner et al., 2000; Weitzman et al., 2003) . However, another study found that heavy drinking (>7 or >14 drinks per week for females and males, respectively) was more frequent among individuals living in affluent neighborhoods with a low AOD (Pollack et al., 2005) . Others have reported that restaurant density is most strongly associated with frequency of drinking (Gruenewald et al., 2002) . However, many of the alcohol measures used in these studies (e.g., volume or heavy drinking defined as having more than a certain number of drinks per week) may not be good markers of the pattern of drinking associated with an increased risk of IPV (Cunradi, 2007) .
We hypothesized that a higher AOD, through greater physical availability of alcohol, would lead to increased alcohol consumption and thereby increase the risk of IPV. We also anticipated the association between AOD and IPV would be stronger among risky drinkers who engage in binge drinking (or report having alcohol-related problems) compared to those who do not have such markers of risky drinking. We theorized a higher AOD through increased alcohol availability would facilitate risky drinking thereby elevating the risk of IPV; those with markers of risky drinking who lived in low AOD areas with more restricted access to alcohol may not have engaged in risky drinking as frequently (or intensely).
MATERIALS AND METHODS

Population Sample and Scope of Data Collection
We conducted a national population-based survey of couples aged 18 years and older in the 48 contiguous US in 1995 using a multistage random probability sampling method . All 1,635 couples (85% response) were interviewed; each couple member was interviewed individually and face-to-face by a study interviewer in private using a structured questionnaire. Of the initial 1,635 couples, we excluded the following: 16 couples because the privacy of their interviews was compromised; 4 same-sex couples, a group too small to analyze; 2 couples who were missing zip code; 14 couples whose zip code corresponded to an area with no housing units or population; and 2 couples who lived in zip codes with implausibly high AOD values, leaving 1,597 couples in the study. Because zip code is the smallest geographic level for which national alcohol outlet data exist, the survey data were linked via zip code (n = 587) to socioeconomic and demographic data from the 1990 US Census (GeoLytics Inc., 1998) and alcohol outlet data from the 1997 US Department of Commerce, Economics and Statistics Administration (USDCESA, 1997).
Measures of Intimate Partner Violence
Survey participants were asked about a series of physically violent behaviors taken from the Conflict Tactics Scale, Form N (Straus, 1990) . Each respondent was asked whether (s)he or their partner had behaved in the following manner toward their partner in the past year: thrown something; pushed, grabbed, or shoved; slapped; kicked, bit, or hit; hit or tried to hit with something; beat up; choked; burned or scalded; forced sex; threatened with a knife or gun; or used a knife or gun (Straus, 1990) . Each respondent reported separately their behavior toward their partner and their partner's behavior toward them. MFPV was considered present if they or their partner reported the male had committed any of the specified violent behaviors in the past year regardless of whether FMPV was also reported. Likewise, FMPV was considered present if either or both dyad member(s) reported the female had committed any of the listed behaviors in the past year regardless of whether MFPV was also reported. Those who reported that no violent behaviors had occurred in the past year were categorized as not having experienced MFPV (or FMPV). Thus our study outcomes MFPV and FMPV were couplelevel measures.
Measures of Alcohol Availability
We used North American Industry Classification System (NAICS) codes to identify the number and type of alcohol drinking places and liquor stores by zip code (US Census Bureau, 2008) . Because stores such as restaurants, drug stores, and grocery stores may or may not sell alcohol beverages depending on state and local licensing laws, an indicator (may sell alcohol = 1, may not = 0) based on state retailing licensing law information (DISCUS, 1996) were multiplied to NAICS counts for each of these business types and the resulting counts were added to the count of alcohol outlets. We also grouped alcohol outlets into off-and on-premise alcohol outlets. Off-premise alcohol outlets are liquor stores and vendors that sell alcohol for consumption elsewhere. On-premise outlets are establishments such as restaurants or bars where alcohol is typically purchased and consumed onsite. Alcohol outlets were classified as either on-premise or off-premise according to their presumed predominant role based on the NAICS code; we were unable to identify outlets that could be classified jointly as both on-and off-premise alcohol outlets. Our estimated number of off-and on-premise outlets were generally consistent with estimates in the Adams Liquor Handbook, a comprehensive alcohol sourcebook on the US (Adams Media Incorporated and the Beverage Information Group, 1999) .
To obtain the density of alcohol outlets, we divided the number of outlets by the total population size for each zip code based on 1990 US Census estimates to create an AOD per 10,000 persons. This method was used to estimate total, on-premise and off-premise AOD. Reports suggest the relation between AOD and assaultive violence is nonlinear (Livingston, 2008; Livingston et al., 2007) . Therefore, in unadjusted analysis of MFPV and FMPV, we compared a quadratic and cubic model separately to a linear model of AOD and found neither was an improvement over the linear model (both pvalues >0.15). We also considered categorizing AOD but decided on a linear parameterization since there is no clear standard for categorizing AOD and the risk of IPV may vary within derived categories.
Measures of Binge Drinking and Alcohol-Related Problems
Alcohol consumption was estimated based upon survey respondents' reported frequency and quantity of drinking over the past 12 months. A standard drink was defined as 4 ounces of wine, 12 ounces of beer, or 1 ounce of spirits. Binge drinking was defined as consuming 5 or more drinks per occasion at least once within the past year. Couples in which either or both the male and ⁄ or female reported binge drinking were classified as having been exposed to binge drinking. Participants who responded positively to having experienced at least one of 25 items encompassing alcohol-related problems in the past year were classified as having an alcohol problem. Questions about alcohol-related problems pertained to alcohol dependence characteristics such as impaired control, withdrawal and tolerance and social consequences such as alcohol-related health, work or financial problems, accidents, or problems with the police (Caetano et al., 2001) . Couples in which either or both the male and ⁄ or female reported having either social and ⁄ or dependence alcohol-related problems were classified as having alcohol-related problems. Couples in which neither in the dyad reported binge drinking (or alcohol-related problems) were classified as unexposed. Because this was an initial assessment of the hypothesis that risky drinking modifies the association of AOD and IPV and because of limited statistical power to detect finer distinctions, we used comprehensive couple-level and overall measures of risky drinking (e.g., social and dependence alcohol-related problems combined).
Individual and Couple Level Family, Behavioral, and Sociodemographic Characteristics
Survey respondents' self-reported ethnicity was categorized as follows: persons reporting Hispanic ethnicity were classified as Hispanic. The remaining subjects were classified as non-Hispanic white; non-Hispanic black; or non-Hispanic other. Couples concordant on ethnicity were classified as that ethnicity; couples of non-Hispanic other ethnicity and couples discordant on ethnicity were classified as other ⁄ mixed ethnicity. Respondents who reported a parent or caregiver had ever hit them with something, beaten them up, burned or scalded them, threatened them with a knife or gun, or used a knife or gun against them during childhood were categorized as having a history of childhood physical abuse. Those who reported no such history were categorized as not having experienced childhood physical abuse. Survey participants who reported any use of cocaine, crack cocaine, heroin, opium, marijuana, hash, or grass in the 12 months prior to the survey were categorized as having a history of illicit drug use; otherwise participants were considered not to have used illicit drugs. Male and female demographics including age, educational attainment, and employment status and the couple's household income collected through the survey were also included in our analyses (Table 1) .
Zip Code Level Sociodemographic Characteristics
We identified relevant zip code level sociodemographic characteristics obtained from the 1990 US Census which were released in 1992 and reflect the zip code universe at or near 1992. We examined the proportion of residents by zip code who were married, black, Hispanic, foreign born, unemployed; who were living in poverty, a female-headed household, a household making >$75,000 per year, or an owner-occupied home; or who had finished high school, finished college, or moved in the past 5 years.
Statistical Analyses
All statistical analyses were performed using the survey sampling adjustment implemented in Stata 10.0 (College Station, TX), which accounts for stratification, sampling weights, and clustering. Standard error estimates were based on Taylor series linearization. These adjustments make it possible to draw inferences from our findings to the population of couples in the United States. Because our adjustment for clustering at the primary sampling unit (PSU) level also accounts for clustering below the PSU level, no further adjustment for clustering in zip codes was necessary (Binder, 1983; Williams, 2000) .
We calculated descriptive statistics for individual, couple and zip code level characteristics across categories of IPV. We used logistic regression for survey data to estimate unadjusted and adjusted associations between AOD and MFPV (or FMPV) along with 95% confidence intervals (CIs) and p-values for these odds ratios (ORs). In each model we adjusted for factors identified a priori as potential confounders of the relationship between AOD and MFPV (or FMPV), defining potential confounders as factors plausibly related to both AOD and IPV but not in the causal pathway (Koepsell and Weiss, 2003) . Selection of potential confounders was based on existing literature and our knowledge of the relationships between relevant variables. Because our modeling goal was to obtain an unbiased estimate of the association between AOD and MFPV (or FMPV), we developed our models by evaluating the impact of potential confounding factors on our estimated association between AOD and MFPV (or FMPV) (Kleinbaum, 1994a; Rothman, 2002) . Potential confounders found not to change estimates to a meaningful degree when removed from our initial models, generally by less than 10% (Maldonado and Greenland, 1993; Rothman, 2002) , were excluded from the presented models since in such cases there was little evidence of confounding. Our modeling approach did not employ significance tests in variable selection since confounding is an issue of validity and not an issue of random error (or statistical significance) (Kleinbaum, 1994b; Rothman, 2002; Savitz, 2003) .
In our initial models, we adjusted for all a priori identified individual, couple and zip code level potential confounding factors (Tables 1 and 2) ; binge drinking and alcohol-related problems were not included as adjustment variables since they were considered separately as potential effect modifiers. We first considered the change in the estimate related to zip code level variables; we subsequently considered couple and individual-level factors. Specific adjustment variables for each model are listed in Table 3 . The same adjustment variables as notated in Table 3 for MFPV and FMPV were employed in models examining the association between AOD, binge drinking or alcohol-related problems, and each type of IPV. Associations presented (Table 3 , and Figs. 1 and 2) were based on AOD as a linear predictor with select values chosen to illustrate associations at various levels of AOD and other continuous variables (typically a 10-unit change). All individual and couple level covariates were categorized for all analyses as presented except age, which was analyzed as a continuous variable (Table 1) ; all zip code level covariates (Table 2) were examined as continuous variables.
We anticipated that the association between AOD and MFPV (or FMPV) would be stronger among risky drinkers than among individuals who do not engage in risky drinking. We theorized that among risky drinkers, greater physical availability to alcohol may increase the frequency, duration or intensity of alcohol intake and thereby put individuals living in high AOD areas at greater risk of IPV relative to risky drinkers living in low AOD areas who have more restricted access to alcohol. To evaluate risky drinking as a modifier of the association between AOD and IPV, we fit adjusted logistic regression models with multiplicative interaction terms between couple level binge drinking and AOD to estimate the odds ratio with MFPV (or FMPV) for those who did and did not binge drink. We used a survey design-based Wald test to derive a p-value for the interaction. The same approach was used to evaluate the role of alcohol-related problems. We also estimated associations between off-and on-premise AOD and MFPV (or FMPV) to evaluate a secondary hypothesis that off-premise AOD would be more strongly related to IPV than on-premise AOD, given that IPV typically occurs in private settings such as the home. Lastly, we evaluated the impact of potentially influential values of AOD on the association with IPV by reanalyzing our data for total AOD truncating values >30 to a value of 30 (the top 2% ranged from >30 to 82).
Concerning the a priori identification of potential confounding factors, many studies have reported that IPV is associated with individual or couple level (Coker et al., 2000; Thompson et al., 2006; Tjaden and Thoennes, 2000) as well as neighborhood level (Cunradi et al., 2000) sociodemographic or behavioral characteristics. Based on these and other studies (Burke et al., 2006; O'Campo et al., 2005) , we theorized an impoverished neighborhood may have more social isolation or disorganization (Sampson et al., 1997; Van Wyk et al., 2003) that may contribute to a stressful and ⁄ or isolated living environment (Van Wyk et al., 2003) which may increase the risk of IPV. Multilevel studies have demonstrated that higher AODs tend to be located in impoverished neighborhoods and associated with neighborhood level factors (Pollack et al., 2005; Zhu et al., 2004) . We speculated that similar individual or couple level sociodemographics could also be related to AOD and potentially confound the relation between AOD and IPV.
RESULTS
Sample Characteristics
We observed similar distributions of individual and couple level characteristics with MFPV and FMPV (Table 1) . Men and women in couples who reported either type of IPV tended to be younger, employed, and have a history of childhood physical abuse or illicit drug use relative to those reporting no MFPV or no FMPV. Relative to their counterparts, a greater proportion of couples who experienced either type of IPV were non-white, cohabitating, and reported binge drinking or alcohol-related problems in the past year. Those reporting MFPV lived in zip codes with a higher AOD than those reporting no MFPV; AOD was similar among those reporting FMPV or no FMPV (Table 1) . Couples reporting MFPV or FMPV lived in zip codes where a higher proportion of residents were black; Hispanic; living in poverty; or living in female-headed households. Other zip code level sociodemographics were generally similar across couple's MFPV and FMPV status. b Also adjusted for zip code level percent with a high school degree and percent with a college education.
Logistic Regression Findings
In unadjusted analyses, total AOD and on-premise AOD appeared positively associated with MFPV though estimates were somewhat statistically unstable; no association was observed for off-premise AOD and MFPV or any type of AOD and FMPV (Table 2) . In adjusted analyses, both total AOD and on-premise AOD were positively associated with MFPV (p-value for linear trend = 0.01 for both total and on-premise AOD). Estimated associations between off-premise AOD and MFPV and all types of AOD and FMPV demonstrated an apparent slight increased risk, though confidence intervals were compatible with a wide range of estimates including no association (Table 2) .
After adjusting for potential confounding factors, an increase of 10 alcohol outlets per 10,000 persons was associated with a 34% (1.030 10 ) increased risk of MFPV (Table 3 ). An increase of 10 alcohol outlets per 10,000 persons was associated with a 12% increased risk of FMPV, though the 95% CI was compatible with no increased risk. The adjusted models for on-and off-premise AOD and MFPV (or FMPV) controlled for the same variables and had similar ORs and 95% CIs for all model variables as the adjusted model for total AOD and MFPV (and FMPV) in Table 3 (data not shown). At higher levels of AOD, the risk of MFPV increased such that a 25-unit increase in AOD doubled the risk of MFPV (adjusted OR = 2.1, 95% CI: 1.2, 3.6). A 25-unit increase in AOD appeared to slightly increase the risk of FMPV (adjusted OR = 1.3, 95% CI: 0.6, 2.5) though this estimate was statistically unstable (Fig. 1) .
Alcohol-related problems appeared to modify the relationship between AOD and MFPV (p-value for interaction = 0.01) (Fig. 2) . As we hypothesized, the association between AOD and MFPV was stronger among couples reporting alcohol-related problems than among couples reporting no alcohol-related problems. We found no evidence of a multiplicative interaction between AOD, alcohol-related problems and FMPV (p-value for interaction = 0.84); or AOD, binge drinking, and MFPV or FMPV (p-values for interaction = 0.80 and 0.84, respectively) (data not shown).
Sensitivity Analyses
In our subanalysis using a truncated measure of total AOD of 30 (data not shown), unadjusted ORs were similar with our reported estimates though less precise. Adjusted ORs for total AOD and MFPV were also similar to our reported estimates though ORs were stronger at cut points above 20 than our reported estimates; however the p-value for the linear trend was slightly larger (p-value = 0.03). Adjusted ORs for total AOD and FMPV were stronger, however these ORs also lacked the precision of our reported estimates (p-value for linear trend = 0.21). The p-value for the multiplicative interaction term between AOD and alcohol-related problems for MFPV was marginal (p-value = 0.07).
DISCUSSION
We know of no epidemiologic study that has examined the relation between AOD and IPV incorporating individual and couple level data. The findings of this national populationbased study of couples indicate that as the density of alcohol outlets increases so does the risk of MFPV. Our results also suggest that the relation between AOD and MFPV is stronger among couples who report having alcohol-related problems than among couples who report no alcohol-related problems. Though AOD appeared to increase the risk of FMPV slightly, lack of precision precludes us from concluding whether AOD influences this type of IPV. Our findings related to MFPV are consistent with most studies reporting that physical availability of alcohol increases interpersonal and family violence (Freisthler et al., 2005; Scribner et al., 1995; Zhu et al., 2004) . In contrast to the ecologic study of AOD and IPV (Gorman et al., 1998) , we found Fig. 1 . Adjusted odds ratios and 95% confidence intervals of associations between total alcohol outlet density and male-to-female partner violence and female-to-male partner violence. (Odds ratios for MFPV were adjusted for male and female age, education level, employment status, and illicit drug use; couple level ethnicity, income, and marital status; and zip code level percent living in poverty and percent living in owner occupied homes. Odds ratios for FMPV were adjusted for the same factors as MFPV and also adjusted for zip code level percent with a high school degree and percent with a college degree.) Fig. 2 . Adjusted odds ratios and 95% confidence intervals of associations between alcohol outlet density and male-to-female partner violence among couples who did and did not report having alcohol-related problems across select levels of alcohol outlet density. (Odds ratios were adjusted for male and female age, education level, employment status, and illicit drug use; couple level ethnicity, income, and marital status; and zip code level percent living in poverty and percent living in owner occupied homes.) that AOD remained a strong predictor of MFPV after adjusting for multilevel sociodemographic factors. It may be that these disparate findings are related to examining different outcomes: MFPV versus IPV which includes both MFPV and FMPV. Alternatively, by accounting for individual, couple and neighborhood sociodemographic and behavioral factors, we may have been better able to control for factors that obscured the association between AOD and MFPV. Given that our adjusted estimates were stronger than the unadjusted, any residual confounding may likely have biased our estimates toward the null. Contrary to our expectation, onpremise AOD was positively associated with the risk of MFPV. It may be that drinking in bars, which some have linked to physical violence (Graham et al., 2006; Gruenewald et al., 2006) , facilitates risky drinking, increasing the risk of MFPV. Other findings concerning off-and on-premise associations with MFPV and FMPV were statistically unstable, limiting our ability to interpret these findings.
Our findings also suggest that the relationship between AOD and MFPV varies among couples who do and do not have alcohol-related problems. This is consistent with studies that we (Cunradi et al., 1999 (Cunradi et al., , 2000 (Cunradi et al., , 2002 and others (Coker et al., 2000) have done that demonstrate IPV is positively associated with alcohol-related problems at the level of the individual. This finding is also consistent with the notion that among individuals with alcohol-related problems, greater physical availability of alcohol may increase the frequency (or duration or intensity) of risky drinking, which in turn puts these individuals who live in high AOD areas at increased risk of IPV relative to similar individuals living in low AOD areas. Nevertheless, the cross-sectional nature of our data does not permit us to infer that AOD increases the prevalence of alcohol-related problems, which in turn increases the risk of IPV. Though scientifically plausible, we are unable to discern the temporal relationships between AOD, alcohol-related problems and MFPV with this cross-sectional data. Furthermore, binge drinking did not appear to modify the relationship between AOD and MFPV (or FMPV). Perhaps because binge drinking does not capture the complex nature of the type of risky drinking correlated with IPV, it did not modify the relation between AOD and IPV. Alternatively, small numbers may have prevented us from being able to detect a difference in the ORs for binge drinkers and nonbinge drinkers (of the association between AOD and MFPV or FMPV); or binge drinking may simply not modify the relationship between AOD and IPV. Of course, our findings only address binge drinking as an effect modifier of the relation between AOD and IPV; binge drinking may be still be related to AOD and ⁄ or IPV in other ways, e.g., binge drinking may be independently associated with IPV.
Zip code is an imprecise and typically larger proxy of neighborhoods, the ideal geographic area for which we theorized AOD would influence IPV risk. As such, the variation within zip codes may have been high resulting in less variation between neighborhoods (O'Campo, 2003) : this may have decreased our ability to detect associations, for example, with FMPV or for off-premise AOD. Mismeasurement of AOD is also likely given we did not have 1995 estimates for alcohol outlets, were unable to identify outlets that jointly sold alcohol for on-and off-premise consumption, nor did we have local licensing law information. Misclassification due to lack of current information would likely result in nondifferential misclassification biasing our estimates toward the null. Assuming local licensing laws typically make access to alcohol more restrictive, the number of outlets per state laws may have overestimated the AOD for such areas. Such differential misclassification of AOD would likely bias our estimates toward the null. It is also possible that our results were subject to uncontrolled confounding from unidentified confounding factors; additionally residual confounding due to imprecise measurement or parameterization may have been present. Intimate partners who were not included in our sample such as dating partners tend to be younger and as a result may be more likely to engage in risky drinking and be an increased risk of IPV than our sample of married or cohabitating couples. Thus, our findings may not be generalizable to this population. Though our analysis with truncated values of AOD resulted in slightly different estimates and p-values, our inference was not altered by these findings. Lastly, the prevalence of MFPV (13.6%) and FMPV (18.2%) (Schafer et al., 1998) suggests IPV is not rare; thus our OR estimates may be biased away from the null. These threats to the validity of our findings limit our ability to infer causality in this cross-sectional study.
Our findings contribute to the growing body of knowledge linking alcohol availability to an increased risk of interpersonal violence. Our results provide policy makers with information that suggests reducing AOD may decrease the risk of MFPV. Because MFPV accounts for the majority of IPV-related injuries and effective primary prevention efforts at the level of the individual are limited (Whitaker et al., 2006) , policy makers may wish to carefully consider the potential benefit of limiting AOD to reduce MFPV and its adverse consequences.
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